Abstract. We present new population synthesis calculations of close young neutron stars. In comparison with our previous investigation we use a different neutron star mass spectrum and different initial spatial and velocity distributions. The results confirm that most of ROSAT dim radioquiet isolated neutron stars had their origin in the Gould Belt. We predict that about several tens of young neutron stars can be identified in ROSAT All Sky Survey data at low galactic latitudes. Some of these sources also can have counterparts among EGRET unidentified sources. 10 11 12 13 14 15
Introduction

17
Over the last decade X-ray missions revealed an increasing number of isolated 18 neutron stars (INSs) in the solar vicinity. Many of these sources, essentially discov-19 ered by ROSAT, are not observed as active radio pulsars and show quite peculiar 20 emission properties, both at X-ray and optical wavelengths (see, e.g. Treves et al., 21 2000; Becker and Pavlov, 2002; Haberl, 2004 for recent reviews). Their spectrum 22 is peaked at ∼100 eV and is well described in terms of a featureless blackbody. 23 The optical emission (when observed, see e.g. Kaplan solar distance from the galactic center) at the same rate at which radio pulsars are 36 formed and if they follow a standard cooling history then the number of detectable 37 X-ray sources falls short of the observed one by about a factor a few (Neuhäuser 38 and 48 in the Belt (in addition to that in the galactic disc) was properly accounted for.
49
In this paper we present some refinements to the results of Paper I. In particular 50 we explore the effects of modifying and relaxing some of the original assumptions 51 contained in Paper I on the computed log N − log S of cooling NSs. A central 52 point in this respect is the assumed NS mass spectrum since the cooling evolution 53 is very sensitive to the star mass. However, as it is shown, new results largely agree 54 with previous ones and offer further support to the idea that the Gould Belt is the 55 nursery of the local NS population. 
Model
57
The details of our model have been presented in Paper I; its main features are 58 summarized below. We assume that NSs are continuously born in the galactic disc 59 (up to a distance of ∼3 kpc from the Sun) and in the Gould Belt at a constant rate (see 60 Figure 1 ). The rates are different in the disc and in the Belt and have been estimated 61 from available SN progenitors counts (Tammann et al., 1994; Grenier, 2000) . Both 62 the spatial and the cooling history of newborn NSs is then followed as they evolve 63 
87
Here we address all these points in more detail. In particular we assess the 88 effects of relaxing the assumptions of Paper I on the computed log N − log S curve.
89
The main changes are described below. As it will be shown in the next section, 1 Such a strong reduction of emissivity of course influences cooling curves. However, we do not attempt to take into account self-consistently in this paper. A self-consistent calculations will be presented separetly. Also possible influence of an atmosphere should be taken into account. -A more realistic mass spectrum of NSs, peaked around 1.3-1.4 M (see 102 Figure 2), has been derived and incorporated in the simulations instead of the 103 flat one used before.
U N C O R R E C T E D
104
This last point requires some more comments. Performing a population synthesis 105 of cooling NSs demands for the NS mass spectrum, since cooling curves depend 106 on mass (e.g. Kaminker et al., 2002) . As noted by Woosley et al. (2002) , at present 107 models do not allow a precise determination of the NS mass spectrum. However, 108 given the dependence of the cooling curves on mass (see below), even a rough 109 estimate is enough for the case at hand. In our calculations we use cooling curves 110 for NS masses in the range 1.1 M < M < 1.8 M ; masses are grouped in eight 111 bins. Cooling models show that there is a critical value for the mass (∼1.35 M in 112 the case of Kaminker et al. (2002) , the exact value depends on model assumptions) 113 across which the cooling history significantly changes. NSs with masses below the 114 critical value have similar cooling histories and remain hot for a relatively long time 115 (T = 10 5 K after 4.25 Myrs). Intermediate mass stars (∼1.4-1.5 M ) cool down to 116 10 5 K in about the same time but have lower temperatures during the first million 117 years of their evolution in comparison with less massive stars. NSs with masses 118 M > 1.5 M experience much faster cooling and become completely invisible (at 119 X-ray energies) in a few hundred thousand years or even earlier. 120 To our end, the most important point is estimating the number of NSs above 121 and below the critical mass. In our discrete description this amounts to assess the 122 number of stars in the first three mass bins relative to remaining five. In order to 123 do so, we proceed as follows. At first we take massive stars closer than 500 pc 124 (i.e. with known parallax >0.002) from the Hipparcos catalog ESA, 1997. final variant, shown in Figure 5 , includes all the four modifications discussed in the 161 previous section. For comparison observational points representing the log N − 162 log S distribution of isolated close-by NSs are also shown. These sources include 163 three small groups of INSs: the seven ROSAT radioquiet INSs ("the Magnificent 164 seven"), four young close-by radio pulsars with detected thermal radiation ("the 165 three musketeers" and PSR B1929 + 10) and Geminga together with the Geminga-166 like object 3EG J1835 + 5918 (see Paper I for details). The "Magnificent seven" is 167 characterized by absence of detected radio emission and long spin periods (about 168 5-10 s). Geminga and 3EG J1835 + 5918 are known γ -ray sources. Let us discuss first the relative effect of each of the four modifications mentioned 177 above. Clearly, a reduced surface emissivity and higher average kick velocity act 178 in decreasing the number of observable sources at a given flux, while a higher 179 fraction of low mass (i.e. hotter) NSs and a more compact initial distribution tend 180 to increase it.
181
In Figure 3 we compare our previous result for the disc alone and disc + Belt 182 with the new ones for disc + Belt. To obtain these new curves we considered either 183 a smaller radiation radius and flat mass spectrum (dot-dot-dashed curve) or the 184 new mass spectrum together with standard emissivity (dot-dashed curve). One can 185 see that the reduced emissivity and the new peaked mass spectrum move the log 186 N −log S curve (down and up, respectively) by nearly half order of magnitude each, 187 with a net combined effect of slightly decreasing the number of observable sources. 188 Here the spatial distribution of NS progenitors and kick velocities are the same as 189 in the original calculations. From the next figure (Figure 4 ) it is apparent that the 190 same effect is produced when a more compact initial distribution and higher kick 191 velocities are introduced, keeping the original assumptions about the star emissivity 192 and mass spectrum. Together these two modifications tend to slightly increase the 193 number of observable sources.
194
Our final results for log N − log S are presented in Figure 5 . Here all four effects 195 are taken into account. The general conclusion is that modifications do not change 196 our results significantly. Our estimate is well below the BSC limit by Rutledge et al. 197 (2003) and in correspondence with the RBS limit (Schwope et al., 1999) . We do not expect new identifications of bright (>0.1 cts s −1 ) cooling INSs at 230 large galactic latitudes. Most of the unidentified ROSAT objects (still there should 231 be tens of them for count rates >0.01 cts s −1 ) should be in crowded fields at ±30
• 232 from the plane of the Milky Way. Some can be identified as EGRET sources among 233 which young INSs from the Gould Belt should be numerous (Grenier, 2000) . 
Conclusions
235
In this paper we presented results of more advance population synthesis model (in 236 comparison with Paper I) of young close-by INSs. Account of new effects does not 237 change our previous conclusion that observed cooling INSs in the solar vicinity 238 originated in the Gould Belt. 239 We also modeled distribution of bright cooling close INSs on the sky. Most of 240 them are situated close to the galactic plane and to the plane of the Gould Belt.
241
More detailed calculation are necessary. It is especially important to take into 242 account effects of the most outer layers of NSs on the spectrum and detailed dis-243 tribution of NS progenitors. After parameters of a population synthesis model are 244 fixed it is possible to use log N −log S distribution as an independent test of models 245 of thermal evolution of NSs. 
